themselves. George was a major in chemistry and undertook some extra efforts to synthesize some chemiluminescent compounds. In the summer of 1933, he began work at the Marine Biological Laboratory, Woods Hole, Massachusetts, with Ralph Gerard, then Professor of Physiology at the University of Chicago. Two summers' work yielded his first two publications, which appeared in the/ournal of Biological Chemistry (1, 2).
The Woods Hole experience was an extraordinarily stimulating one because of the presence of many of the notable figures of physiology and biology of the day whose lectures and seminars George avidly attended. During the second summer, Gerard was on sabbatical leave in Europe so George had the experience and opportunity of working entirely by himself and succeeding. He learned the discipline and the satisfaction of painstakingly repeating experiments and the importance of searching the literature. He also learned that his mentor, the leading American authority on nerve metabolism, could be wrong. On one occasion his results contradicted Gerard's hypothesis. Gerard required him to repeat the study and, during the second summer, he was able to replicate his own findings to Gerard's satisfaction.
About this same time great excitement-and no little skepticismhad been generated by the claim of a Russian biologist, Alexander Gurwitsch, that living tissues emitted rays in the ultraviolet range (1900-2600A) that had the property of inducing mitosis, hence called mitogenetic rays. By the mid-19308, Gurwitsch was claiming that these rays accurately reflected exothermic chemical processes in living tissues and hence provided a new and highly sensitive tool for the study of cellular metabolism. Ralph Gerard was commissioned by the Rockefeller Foundation to visit Gurwitsch's laboratory in Leningrad and make a recommendation concerning support of research in this area in the United States. Gerard recommended that "a bright young scientist" spend a couple of months in the Leningrad laboratory before any serious investment be made in this research. He recommended that George undertake this task. George and Frank were then first year medical students at Johns Hopkins University. George's condition for making the trip was that his twin brother Frank accompany him. This was accepted, and the summer of 1935 was spent at the All-Union Institute of Experimental Medicine in Leningrad. His project was to investigate the mitogenic radiation of nerve on proprioceptive stimulation. George was captivated by the excitement as well as the intrigue of that period at the Institute, a sprawling cdmpound on the outskirts of the city that included Pavlov's laboratories and his famous silent tower. In addition to Pavlov, the most renowned of prerevolutionary Russian physiologists and medical scientists were active workers in the Institute, including Orbeli, Bykov, London, and Antischkow.
The experience in the laboratory was fascinating but not conclusive, at least as far as resolving the question by the Rockefeller Foundation. The Engels' main contribution was to translate one of Gurwitsch's books (189) from Russian into English. This was a complex process that involved Gurwitsch reading aloud each sentence in Russian, his wife orally repeating it in German, and his daughter writing it down in French, which they then translated into English.
The summer of 1935 also was the occasion of the XV International Physiological Congress, which was held in Leningrad and Moscow over a 2-week period. Because of the tremendous interest and curiosity about Gurwitsch's work and because they were the only people in the laboratory fluent in English, it fell upon George and Frank to show visiting dignitaries around the laboratory and discuss methods and concepts. Pretty heavy stuff for a couple of first year medical students, especially when visitors numbered current and future Nobel laureates: A.V. Hill of London, Herbert Gasser of the Rockefeller, Charles Best of Toronto, Albert Szent Gyorgy of Budapest, and Severo Ochoa, then of Madrid, not to mention several of the physiology instructors from Hopkins.
By this time, Lewis, George's older brother , had been awarded his PhD in biochemistry by Columbia University and was beginning postdoctoral studies with the pioneer steroid chemists of Zurich and London.* George and Frank were dutifully keeping their uncle Emanual Libman informed of what they were doing although not a little aprehensive that he would disapprove of what they had worked out on their own during the past three summers. In any event, it was Libman who arranged the next summer, 1936, for George and Frank to work with Harrison Martland, the noted pathologist and medical examiner, who had gained fame by being the first to demonstrate the delayed lethal consequences of ingestion of radioactive materials through his study of luminescent watch dial painters who succumbed to leukemia or bone sarcoma years later. Martland, the medical examiner of Essex County, New Jersey, was a detective at heart and set the future standards for forensic pathology. He was particularly expert at detecting signs of foul play. He insisted on considering each death a medical legal case and autopsied every cadaver about which there was even the slightest question of the causes of death. He scorned the use of rubber gloves in the autopsy room as depriving the pathologist of information he could learn from his finger tips. That summer George assisted or performed himself one, sometimes two, autopsies a day, the emphasis being on the gross rather than the microscopic material. A significant number of subjects were victims of homicide and accidental death, and he had an incredible opportunity to compare, virtually side by side, the gross findings in such victims with those dying of disease. Sometimes as many as four autopsies were being performed simultaneously in one large room, so over that summer George viewed more than 300 autopsies. The record number for a day was 13 (the occasion being the recovery from the Passaic River of a concretebooted gangland figure, news of which was promptly followed by retaliative shootings). This experience fixed indelibly in George's mind gross anatomy and pathology and provided a sound basis for clinical reasoning that he has called upon ever since. In addition to the "routine" work of the summer, George also did a literature survey to establish the validity of the association between polycystic kidneys and berry aneurysms of the Circle of Willis, which was stimulated by Martland encountering several such cases at the autopsy table. Evenings and many weekends were spent at the magnificent library of the New York Academy of Medicine. Out of that experience came George's habit of visiting the medical library daily to scan the contents of newly arrived journals. He still does this via Current Contents, but can now turn over to a secretary the chore of indexing and sending for reprints.
By the time George began working with patients during the last 2 years of medical school, he was thoroughly imbued with the importance of the scientific method. At that time he was much more interested in disease processes than in the patient. He regarded each patient as an experiment of nature and was determined to apply the same rigor and thoroughness to the study of the case that he had learned in his research endeavors during the preceding years. Further, he tried to emulate Libman who was famous for picking up information or physical findings that others had missed and that often led to the correct diagnosis. Hence, George cultivated extraordinary sensitivity in eliciting the history and in performing the physical examination as well as in studying laboratory material that in those days was done by students and not by a technician. This combination of commitment to scientific method and fierce rivalry with Libman was ideally suited to engender intense ambivalent feelings among classmates and teachers alike. For George to "instruct" the Chairman of the Department of Medicine in the significance of phagocytic macrophages in the blood smear taken from the earlobe, but not from the finger, for the diagnosis of subacute bacterial endocarditis (SBE), must have been pretty hard to take (Libman at that time was the world's leading authority on SBE). And two Engels at that, for his twin Frank was doing quite the same. At the Boston City Hospital during the summer of 1937, Frank astonished the staff by correctly diagnosing malaria in a derelict who had not been outside of Boston's skid row. He must have been a drug addict, a "mainline shooter," who picked up the infection from a sailor, a phenomenon not yet recognized. And it was George, the same summer, who identified trichinosis as the explanation of the illness of three patients admitted over the span of a couple of days; they were the chef and two waitresses from a restaurant across the street from the hospital where many of the staff and students took their lunch! The Boston City Hospital experience in the summer after George's third year of medical school was especially important because it was there that he came under the influence of Soma Weiss. Weiss was the first physician he encountered who was able to combine in his study of the patient clinical data and physiological measurements, most of which were obtained at the bedside rather than in a laboratory. This impressed George as the next step beyond the more traditional clinical pathological correlations made in the autopsy room, and he was determined to follow in Weiss' footsteps and eventually work with him. Beginning during his fourth year in medical school and continuing through the two-and-a-half years of rotating internship at Mt. Sinai Hospital in New York, George discovered for himself how many fascinating research problems could be identified and studied at the bedside with little more than one's diagnostic acumen and the instruments carried in one's pocket. By the time he had finished his internship, he had already presented three papers to the New York Neurological Society and had six papers in press (3-5, [152] [153] .
In anticipation of getting back to Boston to work with Soma Weiss, George began to keep a list of research problems to pursue once he got into a full-time research setting. In light of subsequent developments, this list now makes interesting reading: 1) Mechanisms of fainting 2) Characterization of forms of polyserositis 3) Menstrual edema and sex hormones 4) Porphyrins in neuropathies spastic and colicky conditions of the GI tract, radiation sickness, and sulfanilamide toxicity.
5) Effect of sodium chloride on blood pressure in Cushing's syndrome 6) Effects of methylene blue on toxic symptoms of sulfa drugs 7) Effects of desoxycorticosterone (DOCA) on carotid sinus hypotension 8) Differential effect on pain hypoand hypersensitive individuals (by Libman test) on injection of saline into spinous ligaments 9) Unexplained fever following removal of adrenal tumors in Cushing's syndrome 10) Effect of paredrinol on hypertension 11) Influence of blood sugar levels on degree of movements in Syndenham's chorea 12) Central nervous system involvement in Addison's disease 13) EEG abnormalities in medical conditions, especially with patients with neuropsychiatric manifestations 14) Effect of blood glucose levels on the EEG 15) Renal function and primary hyperparathyroidism (1941) (1942) marked the beginning of his formal research career. It also marked the beginning of his teaching career. These began and continue as inseparable parts of George's professional activities. Before describing George's specific contributions, some reference should be made to certain other professional experiences that were important in shaping his interests.
George began teaching "Physical Diagnosis" to Harvard medical students when he returned to the Brigham and he has continued as a teacher of clinical methods ever since. He had been particularly eager to return to Boston because of the opportunity it would afford to work with Soma Weiss. It was with some reluctance, then, that George followed Weiss' suggestion to work with John Romano, a psychiatrist. Shortly thereafter, Romano was appointed Professor of Psychiatry in Cincinnati. At first, George declined a position in psychiatry in Cincinnati. However, a meeting with Eugene Ferris resulted in an invitation to join the Department of Medicine at Cincinnati, which George accepted. He also accepted John Romano's invitation of an appointment in Psychiatry and, by this circuitous route, became, in his own words, an "illicit psychiatrist." Besides serving as the medical consultant to the psychiatric service, George periodically functioned as the rounding man in neurology. For a time, he was also responsible for the clinical pathological conferences. This included selecting the cases, preparing the protocols, reviewing the material with the pathologist, and conducting the weekly conferences-in the morning with fourth year medical students and in the afternoon with faculty.
The years between 1942 and 1946 at Cincinnati were among the most formative in George's career. He was associated with an extraordinary group of teachers and scientists including Arthur Mirsky and Gene Ferris in Medicine; John Romano, Milton Rosenbaum, and Maurice Levine in Psychiatry; Charles Aring in Neurology; Albert Sabin, Sam Rappaport, Ashley Weech, and George Guest in Pediatrics. This small, intimate group worked together in teaching and in research, and it was in this setting that George's penchant for diversification was realized. It was also in this setting that George gradu-ally developed his awareness of psychological factors in medicine.
When, in 1946, John Romano came to Rochester to establish the Department of Psychiatry, George accompanied him as Assistant Professor of Psychiatry and Medicine. There were several factors that entered into the decision to move to Rochester, the most salient of which were probably related to George's ideas about teaching. He was, for example, influenced by the nature of the psychosomatic conferences that were held in Cincinnati. These conferences, aside from the impact of their substantive content, seemed to communicate to students that they were being expected to do what it took an internist and/or neurologist and/or psychiatrist to do. George was convinced that the psychosomatic perspective could be communicated and modeled by a single individual and was eager to evolve more effective teaching approaches. He had, besides, become very attached to John Romano as a person and as a dynamic and exciting teacher who had the capacity to interest and involve people. George had these same qualities, which he applied to undergraduate medical student teaching and to his development of the postdoctoral Medical-Psychiatric Liaison training program. These qualities were equally evident to faculty and reflected in George's leadership of the "SeparationDepression" conferences and the Department of Psychiatry Research Conferences, which were settings for the broad exchange of knowledge as well as the development of new ideas and concepts. Inevitably, George's commitment to teaching resulted in his serving on teaching and curriculum committees of both the Department of Psychiatry and of Medicine, as well as of the medical school.
Although George became interested in psychoanalysis while still in Cincinnati, it was not until he came to Rochester that he undertook psychoanalytic training. He began analysis with Sandor Feldman in Rochester and later began traveling to New York and then Chicago for his training. George did get through his Boards in Psychiatry; according to George, he bluffed his way through. He did not indicate that he had had a residency in psychiatry, but did note that he had been an Instructor and Assistant Professor of Psychiatry at Cincinnati and then at Rochester. The lack of residency training was apparently overlooked. George's new found interest in psychiatry did not diminish his involvement with issues in clinical medicine. He continued to attend with students and house staff on the medical floors and regularly attended the meetings of the Society for Clinical Investigation and the Association of American Physicians. Although he was a member of several professional groups, George was not generally an active participant-with the single exception of the American Psychosomatic Society of which he was President in 1954.
George Engel has been an extremely productive researcher and a prolific author whose publications span an extraordinarily broad sampling of the medical sciences. Only a brief description of some of the subjects that occupied his attention can be mentioned.
While John Romano had devoted several years to delineating the clinical features of delirium as a clinical syndrome, George had been making observations on abnormalities in the EEG among medically sick patients, ignorant of the fact that many of these patients were in fact delirious. Working together they published a series of papers (27-29, 36, 46, 53, 58, 66, 86) that demonstrated that the degree of diffuse slowing of EEG correlated well with the magnitude of the identifying clinical expression of delirium, namely reduction in the level of awareness and impairment of cognitive performance. They were able to show that with improvement, whether spontaneous or brought about by specific therapeutic means, there was a progressive normalization of EEG that corresponded with improvement in the mental status of their patients. Experimenting with healthy volunteers, identical EEG and mental status changes were induced with hypoxia, hypoglycemia, and alcohol. After 35 years, this work continues to be quoted as the definitive references on the subject of delirium. However, as was true at the time of the study, delirium continues to be a stepchild in medicine, frequently remaining unrecognized or misdiagnosed.
As one who was, himself, extremely susceptible to vasodepressor syncope in his younger days, interest in studying the subject was actively generated in the summer of 1937 in the course of George's contacts with Soma Weiss, at that time the leading authority on the subject. Thereafter, carotid sinus stimulation and measurement of pulse and blood pressure in the recumbent, sitting, and standing positions became part of George's routine physical examination; he took meticulous histories of all subjects who reported having had episodes of fainting in their lives. In 1939, with Margolin and Strauss, an EEG was for the first time performed during syncope (151) , which, in this instance, involved an asystole induced by carotid sinus stimulation. Over the next 10 years studies of fainting were carried out with various colleagues, notably John Romano and Eugene Ferris (6, 25, 37, 43, [60] [61] [62] [63] 89) . The paper on differentation between vasodepressor and hysterical fainting (37) was cited as one of fourteen classic papers published during the first 25 years of Psychosomatic Medicine. The work on fainting was brought together in a monograph (190) , 18 classified reports were submitted to the Committee on Aviation Medicine. The notable accomplishment of this research was the successful application of clinical observation as a sound method for laboratory research (54, 200) . Eliciting the story of illness and making careful clinical observations of volunteers developing decompression sickness in the high altitude chamber, the Cincinnati group succeeded in delineating the clinical syndrome and in demonstrating significant behavioral factors influencing susceptibility to the disorder. For example, putting joints under strain, as with deep knee-bending, virtually assured the development of painful bends in the joint so treated. This helped bring under control a number of variables that heretofore had interfered with successful testing of means of preventing decompression sickness. Once it became possible to induce bends at will in a joint of choice, more definitive studies of mechanisms could be undertaken. Thus it became possible to show that the pain of bends was not produced by intravascular bubbles or bubbles within the joint, but by bubbles located at the insertion of the tendons.
The discovery of a syndrome characterized by transient focal neurological signs followed by contralateral headache clincially indistinguishable from migraine occurring after decompression sickness provided an opportunity to carry out physiological studies preceding and during attacks (30, 39) . This yielded the first EEG demonstration of focal slowing during the neurological manifestations and documented its dependence on altered blood flow. During the vasodilating effects of breathing carbon dioxide, the neurological manifestations receded in a matter of a minute or two to be replaced by the contralateral headache, only to return when breathing CO2. Subsequently, it was possible to extend observations to subjects during spontaneous migraine attacks (70) .
Charles Aring and George Engel reported the first detailed clinical and pathological study of familial dysautonomia (Riley-Day syndrome) in a 17-year-old boy (44, 45 ). An old lesion involving the right dorsomedial nucleus of the thalamus led them to invoke derangement of higher control of hypothalamic function as the explanation. Subsequent cases have not revealed any such lesions, suggesting that the finding in this case was incidental.
Studies of patients with unexplained pain began in 1944 with a group diagnosed by the neurologists and neurosurgeons as "atypical facial neuralgia." Subsequently, these observations were expanded to involve a population without regard to location of the pain. At that time, the dominant theory of pain regarded pain as a peripheral sensation mediated by pain receptors and transmitted to higher pain centers by pain fibers and pain tracts-the telephone model. The model allowed for no way of conceptualizing pain other than as arising from a peripheral site. The psychological components of pain were discussed in terms of "individual reactions to pain." The term "central pain" referred to pain thought to arise from thalamic lesions. George's approach challenged the basic model as reductionistic, pointing out that pain, a subjective experience, is already a psychological frame of reference that cannot be applied to structures such as nerve endings or pathways. This viewpoint made it possible to understand the occurrence of pain syndromes not based on concurrent somatic pathological processes. A pain-prone population was identified and its psychosocial characteristics delineated. Particularly important was the demonstrated relationship of pain as a symptom to unresolved problems of aggression, guilt, atonement, the need to suffer, and psychic sadomasochism. The relatively common occurrence of pain as a conversion symptom in all varieties of patients and the role of pain as a defense mechanism against depression and suicide were documented. These observations (65, 71, 85, 88, 97, 216, 242) have been repeatedly confirmed and extended by others.
The importance of psychological factors in ulcerative colitis was brought vividly to George's attention as an intern with Eli Moschowitz, the chief of the medical service on which he served. Even though an active interest in psychosomatic issues was not to develop for several more years, this was one group of patients among whom George always made a point to inquire, at least superficially, about emotional factors. When years later George reviewed his discharge summaries on ulcerative colitis patients from his Mt. Sinai days, he was surprised to discover useful clinical data that he could incorporate in later writings. Franz Alexander's specificity concept was the stimulus that prompted him to select ulcerative colitis as a "classical psychosomatic disorder" for study, beginning in 1945. Over the next 10 years or so, George undertook the care and study of as many colitis patients as he could handle. Some he cared for as a primary internist; with others he undertook psychotherapy and/or psychoanalysis, with another physician assuming primary medical care; many more were seen in consultation. George's objective was to learn as much as he could about the personality, psychological development, family relationships, and the circumstances surrounding the onset, remission, and the exacerbations of the active disease (73) (74) (75) . He was interested in studying a relatively large number of patients briefly and a smaller number intesively over years. The research was an integral part of his practice, the data consisting of the detailed handwritten notes he made of every visit with each patient. It depended upon no outside funding. Only after 6 years of data collection did George begin the systematic examination of the material that had accumulated, looking for trends or themes, some of which were then further explored with new patients. George speaks with nostalgia about being able to pursue clinical research in this fashion-without the constraints of Review Boards and "quick results" in order to ensure continuation of funding. He was spared the errors of premature conclusions and was able to follow the material wherever it took him, sometimes with unexpected results; for example, the discovery that the end of an acute attack of ulcerative colitis may be heralded by the onset of headaches (78) . The results of these studies (82, 84, 95, 133, 184, 227, 239) have stood the test of time. Contrary to Alexander's formulation, George and his colleagues were able to show that the disease was not primarily a disorder of elimination but, rather a process involving first the mucosa and submucosa with clinical manifestations consequent to that, bleeding in particular. The significance of object loss for onset and exacerbations was first delineated in this group of patients as was vulnerability to loss related to distinctive features of the early mother-child relationship. Practical recommendations for the psychological care of these patients emerged from literally hundreds of incidents and experiences involving other physicians and nursing staff as well as George himself.
Interest in conversion as a mechanism of symptom formation began with George's studies of fainting in the early 1940s (37) . Later studies (65, 67, 88, 105, 112) addressed particularly the high incidence of pain as a conversion symptom in clinical practice and the possible significance of the conversion mechanism for determining the site and timing of organic lesions, especially those involving skin and joints. The chapter in the textbook of McBryde and Blacklow (218) was the first treatment in depth of the subject since reference to conversion (hysteria) dropped out of textbooks of medicine in the early part of the century.
Efforts to develop a broader, more inclusive concept of disease than was provided by the prevailing dualistic, reductionistic biomedical model were initiated with a presentation on the occasion of the dedication of the Institute for Psychosomatic and Psychiatric Research and Training of the Michael Reese Hospital on June 1, 1951 (201) . Successive revisions and elaborations of the model ap-peared from time to time thereafter (72, 93, 94, 108, 135, 140, 192, 206) , culminating in the current formulations of the biopsychosocial model (142, 147) .
With Franz Reichsman, George undertook several studies of behavior and gastric secretion (76, 80, 92) . These studies led to the classic longitudinal study of the developmental consequences of trauma in infancy (the studies of Monica and Doris) (e.g., 79, 83, 106, 118, 149, 175, 275 ). An ongoing project since 1953, the study of Monica, a child with a gastric fistula, has yielded a rich harvest of developmental and psychological information about Monica and her family, only a fraction of which has yet appeared in print. Over the years there have been a total of 196 invited presentations around the world, including 13 name lectures, by members of the research team.
The discovery of conservation-withdrawal as a phenomenon, and its formulation as a basic concept, was a direct outcome of observation of Monica's remarkable detached withdrawal and sleep response to a stranger and its striking contrast to the more familiar active alerting fear response ("stranger anxiety") characteristic of the 1-2 year old (79, 98, 124, 207) . At first designated "depression withdrawal," this was changed to conservation-withdrawal to eliminate the confusion resulting from mixing frames of reference. As a primary biological regulatory process for organismic homeostasis, conservation-withdrawal can be considered from phylogenetic and ontogenetic perspectives and its expression at progressively higher levels of biopsychosocial organization identified as "giving up" (224, 232) . The psychic derivatives of this regulatory process and their importance for health and disease have been elaborated by Arthur Schmale and George.
There were still other research questions on psychological processes in somatic disease shared with Sandy Meyerowitz, Arthur Schmale, and Robert Ader (e.g., 119, 123, 135): in sudden death, an interest in common with his colleague William Greene (120, 125, 148) ; and in grief and mourning (102, 137, 228) , among others that drew George's attention. Also, over the years George has never hesitated to report himself as the result of scientific study. Thus he appears as one of the cases of migraine studied with EEG (30), cerebral carotid sinus syncope (89), vasodepressor syncope (190) , hyperventilation (61) , and variations in the normal EEG over 5 years (55) . Particular interest was generated by his 10 year self-analysis of his reactions to the death of his twin brother (137) .* Besides these, George's published contributions include an impressive number of statements on clinical teaching (81, 109, 121, 128, 129, 138, 193, 197) and on issues of medical education (117, 122, 126, 127, 130, 131, 134, 136, 140, 143, 146, 147, 243, 250) .
From the very beginning George considered himself, first, a teacher. Through the years he has worked with medical students on every clinical service; medicine, pediatrics, surgery, ob-gyn, psychiatry, neurology, CCU, IC, burn unit, rehabilitation, family medicine, and primary care. His main emphasis has been on the development of clinical skills (interviewing and physical examination) (193, 197) and, in an effort to understand the Of these, George takes most pride in the dozen or so lectures and Visiting Professorships sponsored by the AOA and other student societies because these are distinctions bestowed by students.
As a person, George has distingusihed himself in many other ways. Among them is his great ability to "shift gears" very quickly, going from one endeavor to a very different one; his propensity for going to the very heart of a matter in many areas; and, last, but not least, his great sense of humor and his wittiness, which not only make him a master of the quick, humorous reparte but also a superb storyteller.* Along with his very timeconsuming professional activities he has been a fine pater familias: to his wife Evelyn who is a medical illustrator, painter, and teacher of painting and a superb cook; and to his children Peter and Betty, who are a physician and conservator of art objects, respectively.
Students who have had specific and ongoing contact with George As it happens, we have had the privilege of reading some of the letters that former students sent to George on the occasion of his retirement celebration. We can do no better in describing George's influence on his students than to paraphrase the common thread in all these letters to the effect that "No one individual, no one teacher, no one segment of the education curriculum had a greater impact on my development as a physician and as a person than George Engel and his program at Rochester."
The students who have yet to come under George's influence are to be envied, and we know that he will continue to expand his sphere of influence as his career continues. 
